EP 0 912 238 B1 



/f, 



(19) 



J 



Europ^^es Patentamt 
Europl^^^tent Office 
Office europeen des brevets 





( 12 ) 



(11) EP 0 912 238 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 

10.10.2001 Bulletin 2001/41 

(21) Application number: 97938827.9 

(22) Date of filing: 15.07.1997 



(51) Intci.7: B01J 2/00, B01J 19/06, 
B01J 19/24, C07C 51/41 

(86) International application number: 

PCT/EP97/03817 

(87) International publication number: 

WO 98/02237 (22.01.1998 Gazette 1998/03) 



(54) PRODUCTION OF POWDERS 
HERSTELLUNG VON PULVERN 
FABRICATION DE POUDRES 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB IT LI NL SE 

(30) Priority: 15.07.1996 CH 175296 

(43) Date of publication of application: 

06.05.1999 Bulletin 1999/18 

(73) Proprietor: CalCiTech Ltd. 

Hamilton (BM) 

(72) Inventors: 

• LEMAITRE, Jacques 
CH-1012 LAUSANNE (CH) 

• JONGEN, Nathalie 
CH-1028 Preverenges (CH) 



• VACASSY, Robert 
F-74500 Evlan (FR) 

* BOWEN, Paul 
CH-1260 Nyon (CH) 

(74) Representative: Atkinson, Peter Birch et al 
MARKS & CLERK, 

Sussex House, 

83-85 Mosley Street 
Manchester M2 3LG (GB) 

(56) References cited 

EP-A- 0 486 351 
EP-A- 0 540 281 
CH-A- 563 807 



EP-A- 0 528 580 
EP-A- 0 618 001 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 

iiST AVAtLABLE CO P Y 



i... -7cnr(4 oAOio /cro> 



0.i~4 




EP 0 912 238 B1 



2 






Description 

[0001] The present invention relates to the production 
of powders by a precipitation reaction. 

[0002] Various industrially Important powders are pro- 
duced by precipitation reactions. Thus for example, cop- 
per oxalate may be produced by reaction of a solution 
containing copper Ions with one containing oxalate ions. 
A further example Is a mixed yttrium and barium oxalate 
which may be precipitated by reaction of a solution con- 
taining yttrium and barium ions with one containing 
oxalate ions. 

[0003] Such precipitation processes are frequently 
conducted using batch reactors. However a problem ex- 
ists with batch reactors in that it is difficult to produce a 
good compositional homogeneity and the problem be- 
comes more severe as the size of the volume of the re- 
actor is Increased for the purposes of "scaling-up”. As 
a result, the product obtained may have a wide range of 
particle sizes and/or non-uniform particle morphologies. 
[0004] It is also known to effect such precipitation re- 
actions In continuous flow reactors but parabolic flow 
profiles are generated therein resulting in similar disad- 
vantages to those mentioned in relation to batch reac- 
tors. 

[0005] It Is therefore an object of the invention to ob- 
viate or mitigate the abovementioned disadvantages. 
[0006] According to the present invention there is pro- 
vided a process for the production of powders by pre- 
cipitation from a liquid reaction mixture, the method 
comprising passing along a tubular reactor a segmented 
reaction flow comprised of discrete volumes of the re- 
action mixture separated by discrete volumes of a sep- 
arating fluid which is substantially immiscible with said 
reaction mixture, the residence time of said discrete vol- 
umes of reaction mixture in the reactor being sufficient 
for the precipitation reaction to be effected. 

[0007] In accordance with the Invention, therefore, the 
precipitation reaction Is effected by sub-dividing the re- 
action mixture Into a plurality of discrete volumes or seg- 
ments which are passed, preferably under plug flow 
conditions along a tubular reactor separated by discrete 
volumes of a separating fluid which is immiscible with 
the reaction mixture. As such, a plurality of Individual, 
and separate, volumes of the reaction mixture pass 
along the tubular reactor. Within each volume of the re- 
action mixture, the conditions for the precipitation reac- 
tion are substantially identical so that a uniform product 
Is obtained from each volume of the reaction mixture. 
[0008] In this respect, it is particularly preferred that 

(i) the individual volumes of the reaction mixture are 
of similar (and Ideally equal) size; and 

(ii) the individual volumes of the separating fluid are 
of similar (and ideally equal) size (although not nec- 
essarily the same size as that of the reaction mix- 
ture). 




This ensures that tnBRidence time for all volumes of 
the reaction mixture In the tubular reactoris substantially 
the same to ensure uniform reaction conditions in each 
such batch. 

5 [0009] It Is a requirement of the separating fluid that 

It is substantially immiscible with the reaction mixture (at 
least under the conditions prevailing in the tubular reac- 
tor) to ensure that a segmented flow comprised of a plu- 
rality of discrete volumes of the reaction mixture (sepa- 
10 rated by discrete volumes of the separating fluid) may 
pass along the tubular reactor. It should also be ensured 
that the separating fluid is non-reactive towards the re- 
action mixture (at least under the conditions of the tubu- 
lar reactor). Provided these conditions are satisfied, the 
15 separating fluid may be a gas such a air, nitrogen, oxy- 
gen, a rare gas (e.g. argon) carbon dioxide or hydrogen. 
Alternatively the separating fluid may be a liquid, e.g. an 
alkane, a petroleum derivative (e.g. kerosene), liquid 
paraffin, oil or silicone oil. 

20 [001 0] Depending on the particular precipitation reac- 
tion. the segmented flow may be produced either by 

(i) pre-mixing the reactants and then segmenting a 
stream of the resultant mixture with the separating 

25 fluid or 

(ii) segmenting a stream of one liquid reaciant with 
the separating fluid thereby producing a precursor 
segmented reaction flow and then admixing the liq- 
uid reactant portion thereof with the remaining re- 

30 actant(s) to produce the final reaction segmented 

flow. 

[0011] The procedure (i) may, in particular, be used 
where the precipitation reaction is initiated by an exter- 
35 nal stimulus, e.g. heat or light. Procedure (ii) will gener- 
ally be appropriate when the precipitation reaction pro- 
ceeds relatively quickly after admixing of the reactants. 
In either case, it is highly desirable that the reactants 
are thoroughly admixed together. 

40 [0012] The segmented flow may be produced from 
continuous streams of the liquid reaction mixture (or a 
liquid component thereof) and the separating fluid im- 
miscible therewith by passing said streams along sep- 
arate, respective conduits to a common segmenting re- 
45 action. The configuration of this region, and the flow 
rates of said streams, are set such that discrete volumes 
of the reaction mixture (or liquid component thereof) and 
the separating fluid alternately enter, and occupy the 
cross-section of, the segmenting region so that a seg- 
50 mented flow exits the outlet thereof. By way of a simple 
(and non-limiting) explanation as to the way in which the 
segmented flow may be produced, consider that the 
segmented fluid Is a gas. In this case, it may consider 
that the liquid reaction mixture (or liquid component 
55 thereof) is able to pass along the segmenting region but 
periodically a bubble of the gas enters, and occupies the 
^ cross-section of, the segmenting region thus interrupt- 
ing liquid flow therealong and thus producing the desired 
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segmented flow. Similar considerations apply to the 
case where the segmenting fluid is a liquid. For any par- 
ticular arrangement of segmenting region, It is a rela- 
tively simple matter to adjust the flows thereto so as to 
produce a segmented flow in the manner described. 
[001 3] The method of the invention may be applied to 
the production of inorganic or organic powders. The in- 
vention may be used, for example, for preparing 
oxalates (such as a mixed oxalate) of an alkali, alkaline 
earth and/or transition metal by (co-) precipitation In 
aqueous or alcohol medium. Alternatively the Invention 
may be used to produce a sulfide or a mixed sulfide of 
at least one transition metal. Such a sulfide may be pro- 
duced, for example, from a solution of the transition met- 
al ion(s) and thioacetamide. the solution being heated 
to generate the precipitating anion. Further possibilities 
are the synthesis of oxides, mixed oxides, carbonates, 
mixed carbonates, hydroxides or hydroxycarbonates by 
precipitation or coprecipitialion in aqueous or alcoholic 
medium in the presence of urea which is heated to gen- 
erate the precipitating anion. 

[0014] The invention will be further described by way 
of example only with reference to the accompanying 
drawings, in which: 

Fig. 1 schematically illustrates the invention; 

Fig. 2 illustrates one embodiment of apparatus for 
carrying out the method of the Invention; 

Fig. 3 is a detail of the "segmenter" illustrated in fig. 
2 ; 

Fig. 4 is a detail of the “mixer*’ illustrated in Fig. 2: 
Fig. 5 schematically illustrates an arrangement for 
mixing two liquid reactants: 

Fig. 6 illustrates an apparatus for producing a seg- 
mented flow; and 

Fig. 7 illustrates a further apparatus for producing 
a segmented flow. 

[0015] Referring firstly to Fig. 1 , the process illustrat- 
ed therein employs a tubular reactor 1 along which are 
alternately supplied (from left to right as viewed in Fig. 
1) individual volumes or segments 2 of a reaction mix- 
ture (which yields a desired powder product) and seg- 
ments 3 of a "separating” fluid (gas or liquid) which is 
substantially immiscible with the reaction mixture. As 
such, segments 2 and 3 pass alternately and individually 
along the reactor and the powder is produced In the seg- 
ments 2 during the residence time thereof In the reactor. 
Typically the residence times of segments 2 and 3 in the 
tubular reactor will be in the range of seconds to hours 
depending on the particular precipitation reaction under 
consideration. 

[0016] The reactor 1 may have an inner diameter of, 
for example, 0.1 to 1 0 mm (e.g. 2 to 5 mm) and a length 
of a few tens of centimetres to several tens of meters, 
these parameters being determined according to the de- 
sired flow rate and residence time (T^es) which Is given 
by the equation 



Vr^V, 

5 where is the length of the tubular reactor. Sj is the 
internal surface area of tube thereof, and and Vg are 
respectively the flow rates of the reactant mixture and 
separating fluid. 

[0017] Each segment 2 of the reactant mixture is of 
10 similar volume. Typically each such segment has a 
length of 2-3 times the internal diameter of the tubular 
reactor 1 . Similarly each segment 3 of separating fluid 
is of similar volume to each other such segment al- 
though may be of a different volume to the segments 2. 
15 Typically segments 3 will have a length of 2-3 times the 
internal diameter of the tubular reactor. 

[0018] Within reactor 1 , all of the segments move un- 
der plug flow. As a result of this plug flow, back-mixing 
of successive volumes or segments 2 of the reaction 
20 mixture is prevented. 

[001 9] The reactor as described, and more particular- 
ly the use of segmented flow conditions employed there- 
in, has a number of advantages. 

[0020] Firstly, the segmentation of the reaction mix- 
25 ture favours a high unifomiity of the precipitation condi- 
tions. This is contrast to batch reactions where it is dif- 
ficult to keep good compositional homogeneity, the 
problem becoming more severe as the volume of the 
reactor is scaled-up. 

30 [0021] Secondly, the flow conditions established in 
the reactor ensure that the reactor performs as a true 
plug flow reactor in that each segment 2 of reaction mix- 
ture has exactly the same residence time in the reactor. 
Hence, each segment 2 experiences exactly the same 
35 history and. as a result, powders obtained from each 
segment 2 possess very homogenous characteristics in 
term of chemical composition, morphology and size. 
Thus, precipitates with a narrow particle size distribu- 
tions can be obtained. 

40 [0022] Thirdly, the process may be readily scaled-up 
by using a plurality of the tubular reactors in parallel. 
[0023] Overall, the illustrated process ensures a bet- 
ter chemical selectivity (i.e. ability to produce a product 
of a particular composition) due to the use of the Indi- 
es vidual segments 2 of the reactant mixtu re and to the sup- 
pression of parabolic flow profiles generally found in 
continuous tubular reactors. The reaction conditions in 
the segments 2 are unifonm in space and time so that 
more exact processing conditions and constant results 
50 are usually obtained. For precipitation reactions, this 
promotes the formation of powders with a narrow range 
of chemical compositions, improved uniformity of parti- 
cle morphologies and narrower particle size distribu- 
tions. 

55 [0024] An important feature of the process Illustrated 
in Fig. 1 is the formation of the flow stream comprised 
of alternate segments 2 of reaction mixture and seg- 
ments 3 of the separating fluid. Such a flow stream may 




3 




EP 0 912 238 B1 



6 



<\ 



be produced, for example, using the apparatus illustrat- 
ed in Figs. 2-4. 

[0025] The apparatus of Fig. 2 comprises a tubular re- 
actor 1 (as described above), a "segmenter" 4 positioned 
upstream of reactor 1 , and a mixer 5 located between 
the segmenter 4 and reactor 1 . 

[0026] In the arrangement of Fig. 2, the segments 2 
are formed as an admixture of (different) reactants sup- 
plied as streams 6 and 7, and the segments 3 are pro- 
duced from a stream 8 of separating fluid. To understand 
the manner in which the segmented flow (comprised of 
segments 2 and 3) Is produced, reference is firstly made 
to Fig. 3 illustrating the construction of segmenter 4. 
[0027] As shown in Fig. 3, the segmenter 4 comprises 
a first tube 9 concentrically located within a second tube 
1 0 so that an annular space is defined between the two 
tubes. The Inner tube 9 is of a shorter length than tube 
10 and as shown in Fig. 3 a mixing chamber 11 (e.g. 
having a diameter of 2 mm to 1 0 mm) Is defined in tube 
10 between the downstream end of tube 9 (the upper 
end as viewed In Fig. 3) and a segmenting region in the 
form of a restrictor element 12 which is located within 
tube 10 and which has a central restriction 12a coaxial 
with the bore of tube 9. 

[0028] The inner diameter of the tube 9 may, for ex- 
ample, be in the range 0.1 to 2 mm depending on the 
desired flow rate and it is possible for tube 9 in the seg- 
menter 4 to be interchangeable with one of a different 
diameter. Typically the distance between the down- 
stream end of the tube 9 and the upstream end of the 
restriction element 12 is in the range 0.5 to 5 mm. This 
distance may be made adjustable, e.g. by virtue of tube 
9 being located in position by a screw thread arrange- 
ment (not shown). 

[0029] The outer tube 10 (which may, for example, 
have an inner diameter of 2 to 5 times that of the inner 
tube 9) is provided with an arm 1 3 into which the reactant 
stream 6 is supplied by means of a volumetric pump 14 
(see Fig. 2) which may for example be of the piston or 
peristaltic type. As such, the reactant stream 6 may en- 
ter, and fill, the annular space between tubes 9 and 1 0. 
The stream of separating fluid 8 is supplied by means 
of a volumetric pump 15 (see Fig. 2) to the upstream 
end of the inner tube 9. A blanking arrangement 1 6 pro- 
vided around the upstream end of tube 9 ensures that 
the stream of separating fluid 8 must pass fully along 
the tube 9 before it encounters the reactant stream 6. 
[0030] The purpose of the segmenter 4 is to produce 
a flow comprised of alternate segments of the reactant 
stream 6 and the separating fluid 8. This is achieved by 
setting the flow rates of the streams 6 and 8 so that pe- 
riodically a discrete volume of the separating fluid 8 en- 
ters a restriction 12a (and occupies the cross-section 
thereof) thus, in effect, interrupting what would other- 
wise be a continuous flow of stream 6 therealong. 
[0031] This segmented flow Is then passed to the mix- 
er 5, the construction of which is Illustrated in Fig. 4 of 
the drawings. 



[0032] As will be^Wh in Fig. 4. the construction of 
mixer 5 is very similar to that of the segmenter 4 and for 
convenience like parts in these two items are represent- 
ed by the same reference numerals but, in the case of 
5 mixer 5. additionally denoted by 

[0033] As will be understood from Fig. 4. the segment- 
ed flow comprised of alternate, discrete volumes of re- 
actant 6 and separating fluid 8 Is passed into the up- 
stream end of the central tube 9' of mixer 5. The seg- 
10 mented How is maintained along the length of tube 9'. 
[0034] The reactant stream 7 is passed, by means of 
a volumetric pump 16 into the annular space between 
the tubes 9' and 10‘. Within mixing chamber 11‘, the re- 
actant stream 7 is able to mix with the reactant 6, and 
IS segments of the resulting mixture (corresponding to 
segments 2 in fig. 1) are able to pass along- the restric- 
tion element 12*a alternatively with segments of the im- 
miscible separating fluid 8. This is achieved by setting 
appropriate flow rates for the flow of reactant 7 and that 
20 of the segmented flow of reactant 6 and separating fluid 
8. 

[0035] Within restriction 1 2’ the reactants 6 and 7 are 
efficiently and thoroughly mixed. This is achieved by vir- 
tue of the reactants being forced together within the re- 
25 striction in which average distance between flow trajec- 
tories becomes smaller, and flow may become turbu- 
lent, so that fast mass transfer is favoured. 

[0036] The resultant segmented flow of reaction mix- 
ture 2 and separating fluid 8 is then passed to tubular 
30 reactor 1 (see Fig. 1 and description relating thereto). 
[0037] The arrangement described with reference to 
Figs. 2 to 4 is particularly suitable for reactions In which 
a precipitate (i.e. the desired powder) is formed relative- 
ly rapidly upon mixing of reactants 6 and 7 since. In the 
35 arrangement of Figs. 2 to 4, such mixing only takes 
place immediately before the tubular reactor 1 . 

[0038] The invention does however also extend to 
precipitation reactions in which the reactants may be 
mixed together under predetermined conditions (e.g. 
40 ambient conditions) such that precipitation is only effect- 
ed by application of an external stimulus, e.g. light or an 
increase in temperature. In this case, the apparatus 4 
(previously referred to as the segmenter) may be used 
as a mixer to effect mixing of the two liquid reactant 
45 streams, one being passed along the inner tube 9 and 
the other through arm 13, thorough mixing being effect- 
ed within the restriction 12*a. The mixed reactant stream 
may then pass through the arm 1 3' of apparatus 5 whilst 
a separating fluid passes along the inside of tube 9'. 
50 Therefore, in this case, apparatus 4 acts as a mixer and 
apparatus 5 acts as a segmenter. It will however be ap- 
preciated that, in this case, the apparatus 4 may be re- 
placed by any other suitable mixing arrangement. Pre- 
cipitation may subsequently be initiated by applying the 
55 stimulus (e.g. light or heat) segmented flow in reactor 1 . 
[0039] It will be appreciated that the tubular reactor 1 , 
segmenter 4 and mixer 5 may be of any material which 
is not degraded and which remains unaltered in contact 
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with the reactants and separating fluid. Further criteria 
for the choice of materia! are its ability to be wetted by 
the reactants and separating fluid and non-adherence 
to the precipitated particles. Examples of suitable ma- 
terials Include plastics (e.g. PMMA. PTFE, PE, PO, and 
the like), glasses (e.g. chemistry glass, bovosilicate 
glass, vitreous silica and the like) and metals (e.g. stain- 
less steel, aluminium, titanium or alloys thereof, and the 
like. 

[0040] Fig. 5 Illustrates an apparatus 20 which may 
be used for producing a mixture of liquid reactants prior 
to segmentation of the mixture. The mixer apparatus 20 
is a Y-shaped mixer having converging arms 21 and 22 
along which reactants may be supplied and a stem 23 
along which the mixture exits the apparatus. The angle 
a between the arms 21 and 22 may be varied. 

[0041] The apparatus 24 illustrated in Fig. 6 is for mix- 
ing liquid reactant streams and providing a segmented 
flow. More particularly, the apparatus 24 comprises an- 
gled arms 25 and 26 along which respective reactant 
streams are supplied and a conduit 27 (disposed be- 
tween the arms 25 and 26) along which separating fluid 
is supplied. The reactant streams mix on exit from the 
arms 25 and 26 and a segmented flow of the mixture is 
produced by use of an appropriate flow rate for the seg- 
menting fluid in conduit 27. 

[0042] The apparatus 28 illustrated in Fig. 7 is some- 
what similar to that of Fig. 6 save that the arms 29 and 
30 along which reactant streams are supplied are direct- 
ly opposed to each other, separatingfluid being supplied 
along arm 31. 

[0043] The Invention will be further described with ref- 
erence to the following nonlimiting Examples 



Example 2 



[0047] An apparatus of the type illustrated in Figs. 2-4 
was used to produce a segmented reaction flow from 
5 equal volumes of separate streams of 

(i) a solution comprised of ions (1 .3x10’^ mol 
1*”*) and Ba2+ Ions (1.3 x 10'^ mol I’"*). 

10 (ii) a solution comprised of oxalate ions (4.7 x 10‘^ 
mol V), and 

(iii) air 

15 [0048] The segmented reaction flow was passed 
along a tubular reactor having a length of 5m and an 
internal diameter of 3 mm in which each segment of the 
reaction mixture (volume = 0.1 to 2 cm^) had a residence 
time of 15 minutes. The reaction was conducted at a 
20 temperature of less than 50®C. 

[0049] The product of the reaction comprised parti- 
cles having a single octahedral morphology and a well 
defined chemical composition (Y2Ba4 (0264)7 XH2O) 
[0050] Under batch conditions employing the same 
25 concentrations, temperature and reaction time, the 
product comprised a mixture of Y2Ba4 (C204)7.xH20 
(octahedral particles) and Y2Ba2 (C204)5.yH20 (pina- 
coidal particles). 

[0051] This Example thus illustrates use of the seg- 
30 mented flow procedure to improve chemical selectivity 
of the precipitated product. 

Example 3 



Example 1 

[0044] Using apparatus as illustrated in Figs. 2 ta4, 
a reaction mixture comprised of an admixture of equal 
volumes of a solution of Cu2+ ions (2 + 1 0‘3 mol 1 ’■•) and 
a solution comprised of oxalate ions (2 x lO'^ mol V) 
was passed as discrete segments (volume = 0.1-2 cm^) 
separated by air bubbles of similar volume along a tu- 
bular reactor having a length of 5 m and internal diam- 
eter of 3 mm. The residence time of the segments in the 
reactor was 15 minutes and the reaction was conducted 
at a temperature of less than 50®C. 

[0045] The product obtained was compared with that 
produced in a batch reactor using same concentrations, 
temperatures and reaction time. 

[0046] It was found that the copper oxalate produced 
by the method of the invention had a narrower size dis- 
tribution, a larger mean particle size, a smaller crystal- 
late size and a more regular morphology (sticks) than 
the product of the batch reactor This indicated that the 
aggregation kinetics were faster in the tubular reactor 
whereas the crystallites grew faster, and were conse- 
quently larger, in the batch reactor. 



[0052] A solution comprised of Y^ cations (2.5 x 1 6’^ 
mol 1 *'•) was admixed with an equal volume of one com- 
prised of urea (75 x 1 mol 1 '’') and the resultant mix- 
ture was passed as a segmented flow in which discrete 
volumes (0.1 - 1 cm^) of reaction mixture separated by 
air bubbles were passed along a tubular reactor having 
a length of 7.5 m and an interna! diameter of 3 mm so 
as to have a residence time of 1 20 min. The temperature 
along the reactor was > 50®C so to decomposethe urea 
to generate and OH’ as precipitating anions. 
[0053] The product of the reaction comprised spheri- 
cal particles of yttrium hydroxycarbonate, Y(OH) CO3, 
having a larger particles size and narrower size distri- 
bution than obtained used a batch reaction employing 
similar conditions. Similar results were obtained using 
kerosene as the segmenting fluid. 

[0054] The procedure using the tubular reactor was 
repeated but using a continuous flow of reaction mixture 
without segmentation thereof. This resulted in a velocity 
gradient being established in the reactorso that the par- 
ticles evolved with various residence times leading to a 
very heterogeneous size distribution. 
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Example 4 

[0055] A solution comprised of Zn2+ cations (5 x 1 0’2 
mol 1 '‘•) was admixed with an equal volume of a solution 
of thioacetamide (4 x lO’"* mol V) and the mixture 
passed as a segmented flow in which discrete volumes 
(0.1 - 1 cm^) of reaction mixture separated by air bub- 
bles were passed along a tubular reactor having a length 
of 7.5 m and an internal diameter of 3 mm so as to have 
a residence time of 30 minutes. The temperature along 
the reactor was > 50®C so as to decompose the tioa- 
cetamide to produce as a precipitating anion thus 
yielding ZnS as the product of the reactions. 

[0056] A similar reaction was conducted using a batch 
reactor. 

[0057] It was found that the tubular reactor and the 
batch reactor could be used to synthesise both nano- 
particles (30nm in size) and sub-micrometer particles 
(700-1500 nm in size) of ZnS with narrow size distribu- 
tion. In the tubular reaction, a larger mean particle size 
was obtained forthe sub-micrometer ZnS particles. The 
particle size range was the same in the batch and tubu- 
lar reactors for ZnS nanoparticles but the latter had the 
advantage of continuous operations. 



Claims 



6. A process as cilPTed in claim 5 wherein the seg- 
mented flow is produced in a segmentation ar- 
rangement comprised of two concentric tubes, said 
chamber being provided at the outlet of the inner of 

5 the tubes. 

7. A process as claimed in claim 6 wherein the inner- 
most tube has an internal diameter of 0.1 to 2 mm. 

10 8. A process as claimed in claim 6 or 7 wherein the 
distance between the outlet of the innermost tube 
and the Inlet of the restriction is in the range 0.1 to 
5 mm. 

15 9. A process as claimed In any one of claims 6 to 8 
wherein said chamber has an internal diameter of 
2 mm to 10 mm. 

10. A process as claimed in any one of claims 6 to 9 

20 wherein the separating fluid Is passed to said cham- 

ber along the innemnost tube. 

1 1 . A process as claimed in any one of claims 5 to 1 0 
wherein the segmented flow Is prepared by passing 

25 the reaction mixture and the separating fluid to said 
chamber thereby producing the segmented reac- 
tion flow. 



12. A process as claimed in claim 11 wherein the pre- 
30 cipitation reaction Is initiated by application of an ex- 
ternal stimulus to the reaction mixture. 



1 . A process for the production of powders by precip- 
itation from a liquid reaction mixture, the method 
comprising passing along a tubular reactor a seg- 
mented reaction flow comprised of discrete vol- 
umes of the reaction mixture separated by discrete 
volumes of a separating fluid which is substantially 
immiscible with said reaction mixture, the residence 35 
time of said discrete volumes of reaction mixture in 

the reactor being sufficient for the precipitation re- 
action to be effected. 

2. A process as claimed in claim 1 wherein the seg- ^o 
mented reaction flow passes along the tubular re- 
actor as a plug flow. 

3. A process as claimed in claim 1 or 2 wherein the 
tubular reactor has an internal diameter of 0.1 to 10 ^5 
mm. 

4. A process as claimed in claim 3 wherein said inter- 
nal diameter is 2 to 5 mm. 

50 

5. A process as claimed in any one of claims 1 to 3 
wherein the reaction segmented flow or a precursor 
segmented reaction flow from which the segmented 
reaction flow is subsequently generated, is pro- 
duced by passing the reaction mixture or a compo- 55 
nent thereof and the separating fluid to a chamber 
having a restricted outlet from which the segmented 
flow issues. 



13. A process as claimed in claim 12 wherein the exter- 
nal stimulus is heat or light. 

14. A process as claimed In any one of claims 5 to 1 0 
wherein the segmented flow is prepared by sepa- 
rately passing a first component of the reaction mix- 
ture and the separating fluid into said chamber 
thereby producing a precursor segmented reaction 
flow comprised of discrete volumes of said compo- 
nent of the reaction mixture separated by discrete 
volumes of the separating fluid, and the segmented 
reaction flow is produced by admixing said discrete 
volumes of the reaction component with the remain- 
ing component(s) of the reaction mixture. 

15. A process as claimed in claim 14 wherein the seg- 
mented reaction flow is prepared from said precur- 
sor flow by injecting said latter flow and the further 
component(s) of the reaction mixture to a chamber 
having a restricted outlet under conditions such that 
said further component(s) of the reaction mixture 
become admixed with the discrete volumes of said 
first component of the reaction mixture whereby the 
segmented reaction flow is produced. 






16. A process as claimed in claim 15 wherein the seg- 




4 ^ 



EP 0 912 238 B1 



12 



mented reaction flow Is produced in a mixing ar- 
rangement comprised of two concentric tubes, said 
chamber being provided at the outlet of the inner of 
the two tubes. 

1 7. A process as claimed in claim 1 6 wherein the inner- 
most tube of the mixing arrangement has an internal 
diameter of 0.1 to 2 mm. 

18. A process as claimed in claim 1 6 or 17 wherein the 
distance between the outlet of the innermost tube 
of the mixing arrangement and the Inlet of the re- 
striction is in the range 0.1 to 5 mm. 

19. A process as claimed in any one of claims 1 6 to 1 8 
wherein the chamber of the mixing arrangement 
has a diameter of 2 mm to 1 0 mm. 



Patentanspruche^^ 

1. Verfahren zur Herstellung von Pulvern durch Aus- 
fallung aus einem flussigen Reaktionsgemisch, 
5 welches Verfahren das Durchleiten durch einen 
Rohrenreaktor eines segmentierten Reaktionsflus- 
ses umfasst, derdiskrete Volumina des Reaktions- 
gemisches aufweist, die durch diskrete Volumina 
von separierendem Fluid separiert sind, das mit 
10 dem Reaktionsgemisch weitgehend unmischbar 
1st, wobei die Venweilzeit der diskreten Volumina 
des Reaktionsgemisches in dem Reaktor ausrel- 
chend ist, urn die Fallungsreaktion auszufuhren. 

15 2. Verfahren nach Anspruch 1 , bei welchem der seg- 
mentierte Reaktionsfluss den Rohrenreaktor als 
Pfropfenstromung passiert. 



20. A process as claimed In any one of claims 1 6 to 1 9 
wherein the precursor segmented reaction flow is 
passed to the chamber of the mixing arrangement 
along the innermost tube thereof. 

21. A process as claimed in any one of claims 1 to 20 
wherein the separating fluid is a gas. 

22. A process as claimed in claim 21 wherein the sep- 
arating fluid Is air, nitrogen, oxygen, a rare gas, car- 
bon dioxide or hydrogen. 

23. A process as claimed in any one of claims 1 to 20 
wherein the separating fluid is a liquid. 

24. A process as claimed in claim 23 wherein the reac- 
tion mixture is aqueous and the separating liquid is 
an alkane, a petroleum derivative (such as kero- 
sene), liquid paraffin, oil, silicone oil and the like. 

25. A process as claimed in any one of claims 1 to 24 
wherein the powder is an inorganic material. 

26. A process as claimed in any one of claims 1 to 24 
wherein the powder is a mixed oxalate of an alkali, 
alkaline earth and/or transition metal produced by 
coprecipitation in aqueous or alcoholic medium. 

27. A process as claimed in any one of claims 1 to 24 
wherein the powder Is a sulphide or a mixed sul- 
phide of a transition metal. 

28. A process as claimed in any one of claims 1 to 24 
wherein the powder is an oxide, mixed oxide, car- 
bonate, mixed carbonate, hydroxide or hydroxycar- 
bonate by precipitation or coprecipitiation In aque- 
ous or alcoholic medium in the presence of urea. 



3. Verfahren nach Anspruch 1 oder2, bei welchem der 

20 Rohrenreaktoreinen Innendurchmesservon 0,1 bis 

10 mm hat. 

4. , Verfahren nach Anspruch 3, bei welchem der In- 
nendurchmesservon 2 bis 15 mm betragt. 

25 

5. Verfahren nach einem der vorgenannten Ansprii- 
che 1 bis 3, bei welchem der segmentierte Reakti- 
onsfluss Oder der Prakursor-segmentierte Reakti- 
onsfluss, von dem der segmentierte Reaktionsfluss 

30 anschlieBend erzeugt wird, hergestellt wird, indem 

das Reaktionsgemisch Oder elne Komponente da- 
von sowie das separierende Fluid in eine Kammer 
geleitet werden, die uber einen eingeengten Aus- 
gang verfugt, aus dem der segmentierte Flussaus- 

35 tritt. 

6. , Verfahren nach Anspruch 5, bei welchem der seg- 
mentierte Fluss In einer Segmentierungsansord- 
nung erzeugt wird, die zwel konzentrische Rohre 

40 aufweist, wobei die Kammer an dem Austritt des in- 
neren Rohres der Rohre bereitgestellt Ist 

7. Verfahren nach Anspruch 6, bei welchem das inner- 
ste Rohr einen innendurchmesservon 0,1 bis 2 mm 

45 hat. 

8. Verfahren nach Anspruch 6 Oder 7, bei welchem der 
Abstand zwischen dem Austritt aus dem innersten 
Rohr und dem Eintritt der Verengung im Bereich 

50 von 0,1 bis 5 mm liegt. 

9. , Verfahren nach einem der vorgenannten Ansprii- 
che 6 bis 8, bei welchem die Kammer einen Innen- 
durchmesser von 2 mm bis 10 mm hat. 

55 

10. Verfahren nach einem der vorgenannten Ansprii- 
che 6 bis 9, bei welchem das separierende Fluid 
durch die Kammer im innersten Rohr durchgeleitet 
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wird. 

11. Verfahren nach einem der vorgenannten Ansprii- 
che 5 bis 10, bei welchem der segmentierte Fluss 
hergestellt wird, indem das Reaktionsgemisch und 
das separierende Fluid zu der Kammer geleitet 
wird, wodurch der segmentierte Reaktionsfluss er- 
zeugt wird. 

12. Verfahren nach Anspruch 11, bei welchem die Fal- 
lungsreaktion eingeleitet wird, indem ein externer 
Relz auf das Reaktionsgemisch aufgebracht wird. 

13. Verfahren nach Anspruch 12, bei welchem der ex- 
terne Relz Warme Oder LIcht ist. 

14. Verfahren nach einem der vorgenannten Anspru- 
che 5 bis 10, bei welchem der segmentierte Fluss 
hergestellt wird, indem separat elne erste Kompo- 
nente des Reaktionsgemisches und des separie- 
renden Fluids In die Kammer geleitet werden, wo- 
durch ein Prakursor-segmentlerter Reaktionsfluss 
erzeugtwird, derdiskrete Volumlnader Komponen- 
te des Reaktionsgemisches aufweist, die durch dis- 
krete Volumlna des separierenden Fluids separiert 
Sind, und wobei der segmentierte Reaktionsfluss 
erzeugt wird, Indem diese diskreten Volumina der 
Reaktionskomponente mit der/den verbleibenden 
Komponente(n) des Reaktionsgemisches gemischt 
werden. 

15. Verfahren nach Anspruch 14, bei welchem der seg- 
mentierte Reaktionsfluss hergestellt wird aus dem 
Prakursorfluss, Indem der letztere Fluss und die 
weitere(n) Komponente(n) des Reaktionsgemi- 
sches in elne Kammer, die einen eingeengten Aus- 
gang aufweist, unter solchen Bedingungen einge- 
sprltzt werden, dass die weitere(n) Komponente(n) 
des Reaktionsgemisches mit den diskreten Volumi- 
na der ersten Komponente des Reaktionsgemi- 
sches gemischt werden, wodurch der segmentierte 
Reaktionsfluss erzeugt wird. 

16. Verfahren nach Anspruch 15, bei welchem der seg- 
mentierte Reaktionsfluss in elner Mischanordnung 
erzeugt wird, die zwei konzentrische Rohre auf- 
weist, wobei die Kammer an dem Austritt des inne- 
ren Rohres der zwei Rohre bereitgestellt ist, 

17. Verfahren nach Anspruch 16, bei welchem das in- 
nerste Rohr der Mischanordnung einen Innen- 
durchmesser von 0,1 bis 2 mm hat. 



19. Verfahren naciWmem der vorgenannten Anspru- 
che 16 bis 18, bei welchem die Kammer der 
Mischanordnung einen Durchmesservon 2 mm bis 
10 mm hat. 

5 

20. Verfahren nach einem der vorgenannten Ansprii- 
che 16 bis 19, bei welchem dem Prakursor-seg- 
mentierte Reaktionsfluss zu der Kammer der 
Mischanordnung in dessen innerstem Rohr geleitet 

^0 wird, 

21. Verfahren nach einem der vorgenannten Ansprii- 
che 1 bis 20, bei welchem das separierende Fluid 
ein Gas Ist. 

15 

22. Verfahren nach Anspruch 21 , bei welchem das se- 
parierende Fluid Luft, Stickstoff, Sauerstoff, ein 
Edelgas, Kohlendioxld oder Wasserstoff ist. 

20 23. Verfahren nach einem der vorgenannten Ansprii- 
che 1 bis 20, bei welchem das separierende Fluid 
elne Flussigkeit ist. 

24. , Verfahren nach Anspruch 23, bei welchem das Re- 

25 aktionsgemisch wasserhaltig ist und die separie- 
rende Flussigkeit ein Alkan, ein Mineralolderivat 
(wie beispielsweise Petroleum), flussiges Paraffin, 
6l, Silikonol und dgl., 

30 25. Verfahren nach einem der vorgenannten Anspru- 
che 1 bis 24, bei welchem das Pulver ein anorgani- 
sches Material ist. 

26. Verfahren nach einem der vorgenannten Anspru- 

35 che 1 bis 24, bei welchem das Pulver ein gemisch- 

tes Oxalat eines Alkalimetalls, Erdalkalimetalls und/ 
Oder eines Obergangsmetalls ist, das durch indu- 
zierte MItfallung im wassrigen oder alkoholischen 
Medium erzeugt wird. 

40 

27. Verfahren nach einem der vorgenannten Anspru- 
che 1 bis 24, bei welchem das Pulver ein Sulfid oder 
ein gemischtes Sulfid eines Obergangsmetalls ist, 

45 28. Verfahren nach einem der vorgenannten Anspru- 
che 1 bis 24, bei welchem das Pulver ein Oxid ist, 
ein gemischtes Oxid, Carbonat, gemischtes Carbo- 
nat, Hydroxid oder Hydroxycarbonat aus der Fal- 
lung Oder induzierten Mitfallung im wassrigen oder 

50 alkoholischen Medium in Gegenwart von Harnstoff 
Ist. 



18. Verfahren nach Anspruch 1 6 oder 17, bei welchem 
der Abstand zwischen dem Austritt aus dem inner- 
sten Rohr der Mischanordnung und dem Eintritt der 
Verengung im Bereich von 0,1 bis 5 mm liegt. 



Revendications 

1 . Procede pour la production de poudres par une pre- 
cipitation a partir d’un melange reactionnel liquide, 
le procede comprenant le passage le long d’un 
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reacteur tubulaire d'un courant reactionnel seg- 
mente compose de volumes discrets du melange 
reactionnel separes par des volumes discrets d'un 
fluide de separation qui est substantiellement non 
miscible avec ledit melange reactionnel, le temps 
de sejour desdits volumes discrets de melange 
reactionnel dans le reacteur etant suffisant pour 
que la reaction de precipitation soit effectuee. 

2. , Procede suivant la revendlcation 1 , dans lequel le 
courant reactionnel segmente passe le long du 
reacteur tubulaire sous forme d'un ecoulement a 
bouchons. 

3. Procede suivant la revendication 1 ou 2, dans le- 
quel le reacteur tubulaire possede un diametre in- 
terne de 0,1 a 10 mm. 

4. Procede suivant la revendication 3, dans lequel le- 
dit diametre interne est de 2 a 5 mm. 

5. Procede suivant I'une quelconque des revendica- 
tions 1 a 3, dans lequel le courant reactionnel seg- 
mente, ou un courant reactionnel segmente precur- 
seur a partir duquel le courant reactionnel segmen- 
te est genere par la suite, est produit par le passage 
du melange reactionnel ou d’un composant de ce- 
lui-ci et du fluide de separation vers une chambre 
possedant un orifice de sortie restraint a partir du- 
quel le courant segmente se decharge. 

6. Procede suivant la revendication 5, dans lequel le 
courant segmente est produit dans un arrangement 
de segmentation compose de deux tubes concen- 
triques, ladite chambre etant prevue au niveau de 
I'orifice de sortie du tube le plus a I’lnterieur des tu- 
bes. 

7. , Procede suivant la revendication 6, dans lequel le 
tube le plus a I'interieur possede un diametre inter- 
ne de 0,1 a 2 mm. 

8. Procede suivant la revendication 6 ou 7, dans le- 
quel la distance entre I'orifice de sortie du tube le 
plus a I'interieur et I'orifice d'entree de la restriction 
se trouve dans I'inten/alle de 0,1 ^5 mm. 



prepare par le iHsage du melange reactionnel et 
du fluide de separation vers ladite chambre, produi- 
sant ainsi le courant reactionnel segmente. 

5 12. Procede suivant la revendication 11, dans lequel la 

reaction de precipitation est initiee par I’appllcation 
d’un stimulus externe sur le melange reactionnel, 

13. Procede suivant la revendication 12, dans lequel le 
to stimulus externe est de la chaleur ou de la lumiere. 

14. Procede suivant I'une quelconque des revendica- 
tions 5 a 10, dans lequel le courant segmente est 
prepare en faisant passer separement un premier 

15 composant du melange reactionnel et le fluide de 
separation dans ladite chambre, produisant ainsi un 
courant reactionnel segmente precurseur compose 
de volumes discrets dudit composant du melange 
reactionnel separe par des volumes discrets du flui- 
20 de de separation, et le courant reactionnel segmen- 
ts est produit en melangeant lesdits volumes dis- 
crete du composant reactionnel avec le ou les com- 
posants restant du melange reactionnel. 

25 15 . Precede suivant la revendication 14, dans lequel le 
courant reactionnel segmente est prepare a partir 
dudit courant precurseur en Injectant ce dernier 
courant et le ou les composants supplementaires 
du melange reactionnel vers une chambre posse- 
30 dant un orifice de sortie restreint sous des condi- 
tions teiles que ledit ou lesdits composants supple- 
mentaires du melange reactionnel se melangent 
avec les volumes discrets dudit premier composant 
du melange reactionnel, en consequence de quoi 
35 le courant reactionnel segmente est produit. 

16. Procede suivant la revendication 15, dans lequel le 
courant reactionnel segmente est produit dans un 
arrangement de melange cohnpose de deux tubes 

40 concentriques, ladite chambre etant prevue au ni- 
veau de I'orifice de sortie du tube le plus a I'interieur 
des deux tubes. 

17. Procede suivant la revendication 16, dans lequel le 
45 tube le plus a I'interieur de i'arrangement de melan- 
ge possede un diametre interne de 0,1 a 2 mm. 



9. Procede suivant I’une quelconque des revendica- 
tlons 6 a 8, dans lequel ladite chambre possede un 
diametre Interne de 2 mm a 10 mm. 

10. Procede suivant I'une quelconque des revendica- 
tions 6^9, dans lequel le fluide de separation est 
passe vers ladite chambre le long du tube le plus k 
I'interieur. 

11. Procede suivant I’une quelconque des revendica- 
tions 5 a 10, dans lequel le courant segmente est 



1 8. Procede suivant la revendication 1 6 ou 1 7, dans le- 
quel la distance entre I’orifice de sortie du tube le 

50 plus a I'interieur de i'arrangement de melange et 
I'orifice d'entree de la restriction se trouve dans I'in- 
tervalle de 0,1 a 5 mm. 

19. Procede suivant I'une quelconque des revendica- 
55 tions 1 6 a 1 8, dans lequel la chambre de I'arrange- 

ment de melange possede un diametre de 2 a 1 0 
mm, 
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20. Procede sulvant Tune quelconque des revendica- 
tions 16 a 19, dans lequel le courant reactionnel 
segmente precurseur est passe vers la chambre de 
I'arrangement de melange le long du tube le plus a 
rinterieur de celul-ci. 



21. Procede suivant Tune quelconque des revendica- 
tions 1 a 20, dans lequel le flulde de separation est 
un gaz. 

10 

22. Procede suivant la revendication 21 , dans lequel le 
flulde de separation est de I'air, de I'azote, de Toxy- 
gene, un gaz rare, du dioxyde de carbone ou de 
rhydrogene, 

15 

23. Procede suivant Tune quelconque des revendica- 
tions 1 a 20, dans lequel le flulde de separation est 
un llquide. 

24. Procede suivant la revendication 23, dans lequel le 20 
melange reactionnel est aqueux et le tiquide de se- 
paration est un alcane, un derive du petrole (tel que 

le kerosene), de la paraffine liquide, une huile, une 
hulle de silicone et equivalent. 

25 

25. Procede suivant Tune quelconque des revendica- 
tions 1 a 24, dans lequel la poudre est une matiere 
inorganique, 

26. Procede suivant l‘une quelconque des revendica- 30 
tions 1 a 24, dans lequel la poudre est un oxalate 
mixte d'un metal alcalln, alcalino-terreux et/ou de 
transition produit par une co-precipitation dans un 
milieu aqueux ou alcoolique. 

35 

27. Procede suivant Tune quelconque des revendica- 
tions 1 a 24, dans lequel la poudre est un sulfure 
ou un sulfure mixte d'un metal de transition, 

28. Procede suivant Tune quelconque des revendica- ^0 

tions 1 a 24, dans lequel la poudre est un oxyde, un 
oxyde mixte, un carbonate, un carbonate mixte, un 
hydroxyde ou un hydroxycarbonate produit par une 
precipitation ou une co-precipitation dans un milieu 
aqueux ou alcoolique en presence d'uree. ^5 



50 
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